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PREFACE 


This  report  presents  estimates  of  the  amount  of 
lumber  and  plywood  used  in  nonresidential  and  non- 
housekeeping  building  construction  in  the  United  States 
during  1969.  Consumption  of  these  materials  is  shown 
by  building  type  (nonhousekeeping,  industrial,  com- 
mercial, religious,  educational,  hospital,  and  other),  by 
structural  class  (wood,  steel/masonry,  and  concrete),  and 
by  region  (North,  South,  and  West).  Factors  of  wood  use 
are  shown  per  100  square  feet  of  floor  area  and  per 
$1,000  of  construction  cost. 

This  is  one  of  a  series  of  studies  on  wood  use 
conducted  under  the  provisions  of  the  McSweeney- 
McNary  Forest  Research  Act  of  1928,  as  amended, 
which  authorized  and  directed  the  Secretary  of  Agricul- 
ture to  cooperate  with  State  and  other  agencies  "in 
making  and  keeping  current  a  comprehensive  survey  of 


present  and  prospective  requirements  for  timber  and 
other  forest  products." 
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Nonresidential  and  nonhousekeeping  building  construction  in  the 
United  States  during  1969  amounted  to  1.6  billion  square  feet  of  floor 
area  with  a  construction  value  of  $32.7  billion.  Lumber  used  in  this 
construction  totaled  more  than  1.6  billion  board  feet;  plywood,  974 
million  square  feet  (3/8-inch  basis). 

The  building  projects  on  which  this  study  was  based  were  classified 
into  seven  building  types  and  three  structural  classes,  and  the  amounts 
of  lumber  and  plywood  used  were  determined  for  three  regions— North, 
South,  and  West. 
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Lumber  and  Plywood  Used  in  the  Construction  of 
Nonresidential  and  Nonhousekeeping  Buildings  in 

the  United  States,  by  Regions,  1969 

by 

William  H.  Reid  and  Maurice  G.  Wright1 


INTRODUCTION 


Nonresidential  and  nonhousekeeping  building  con- 
struction in  the  United  States  during  1969  amounted  to 
1.6  billion  square  feet  of  floor  area  with  a  construction 
value  of  $32.7  billion.  Lumber  used  in  this  construction 
totaled  more  than  1.6  billion  board  feet;  plywood,  974 
million  square  feet  (3/8-inch  basis). 

The  building  projects  on  which  this  study  was  based 
were  classified  into  seven  building  types  and  three 


structural  classes,  and  the  amount  of  lumber  and 
plywood  used  were  determined  for  three  regions  (fig.  1). 

The  North  Region  contained  about  three-fifths  of  the 
total  floor  area  constructed  and  the  total  construction 
value,  but  almost  half  of  the  lumber  and  plywood  used 
was  in  the  West.  A  breakdown  of  quantities  used  among 
the  seven  building  types  indicated  that  more  than  a 
fourth  of  all  the  lumber  and  plywood  went  into 
commercial  building  construction. 


Regions  used  in  survey 


HAWAII  Q 


Figure  1 


1  Forest  Economics  and  Marketing  Research,  USDA  Forest  Service. 
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CHARACTERISTICS  OF  BUILDINGS 


The  characteristics  of  nonresidential  and  nonhouse- 
keeping  buildings  constructed  in  1969  are  described  by 
floor  area,  value  of  construction,  building  type,  struc- 
tural class,  and  region.2  These  characteristics  are  impor- 
tant in  determing  the  requirements  for  lumber  and 
plywood  in  building  construction.  Both  floor  area  and 
value  of  construction  are  measurements  of  construction 
activity  and  are  available  from  public  and  private 
sources. 

The  seven  building  types— nonhousekeeping,  indus- 
trial, commercial,  religious,  educational,  hospital,  and 
other— vary  in  lumber  and  plywood  requirements.  This  is 

FLOOR 

Of  the  1.6  billion  square  feet  of  floor  area  contained 
in  nonhousekeeping  and  nonresidential  buildings,  one- 
third  was  in  industrial  buildings,  almost  a  third  in 
commercial,  and  the  balance  in  the  five  remaining 
building  types  (table  1,  fig.  2).  Floor  area  among  these 
five  ranged  from  15  percent  in  educational  buildings  to  3 
percent  in  religious. 


Floor  area,  by  building  type, 
1969 

TOTAL- t, 610.000, 000  SQUARE  FEET 


due  to  amount  of  construction  activity  among  building 
types,  differences  in  uses  of  buildings,  building  code 
requirements,  and  preferences  of  individuals  specifying 
structural  materials. 

The  three  structural  classes— wood,  steel/masonry, 
and  concrete— grouped  those  buildings  having  compa- 
rable material  requirements.  This  grouping  was  designed 
to  reduce  wide  differences  in  lumber  and  plywood  usage 
within  each  class. 

Three  regions— North,  South,  and  West— were  desig- 
nated in  order  to  measure  differences  in  regional  usage 
of  lumber  and  plywood. 

AREA 

Nearly  three-fourths  of  the  total  floor  area  was 
contained  in  buildings  in  the  steel/masonry  structural 
class.  The  remaining  floor  area  was  almost  equally 
divided  between  the  wood  and  concrete  classes  (fig.  3). 
Industrial  and  commercial  buildings  together  accounted 
for  over  three-fifths  of  the  total  floor  area  in  each  of  the 
wood  and  steel/masonry  classes.  In  the  concrete  class 
almost  one-fourth  of  the  floor  area  was  in  commercial 


Floor  area, 
by  structural  class  and  region, 
1969 

TOTAL -1,610,000,000  SQUARE  FEET 


Figure  2 

See  definitions  in  Appendix. 
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Figure  3 
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buildings,  followed  fairly  closely  by  educational,  hos- 
pital, and  other  buildings. 

Some  57  percent  of  the  total  floor  area  was  in  the 
North  and  nearly  one-third  of  that  was  in  industrial 
buildings  of  the  steel/masonry  class.  Of  the  24  percent  in 
the  South,  one-third  was  in  industrial  buildings  and 
nearly  one-third  in  commercial  buildings.  One-third  of 


the  29  percent  of  total  floor  area  located  in  the  West  was 
in  commercial  buildings  and  nearly  as  much  in  industrial. 

Almost  three-fifths  of  the  floor  area  of  buildings  in 
the  wood  structural  class  was  in  the  West,  two-thirds  of 
the  floor  area  of  the  steel/masonry  class  was  in  the 
North,  and  almost  half  of  the  area  in  the  concrete  class 
was  in  the  North. 


CONSTRUCTION  VALUE 


In  1969  the  amount  of  building  construction  as 
measured  by  value  of  construction  put  in  place  was  more 
than  $32.7  billion  (table  2,  fig.  4).  Almost  three-fourths 
of  this  value  was  in  commercial,  industrial,  and  educa- 
tional buildings,  one-fifth  in  hospitals  and  other,  and  the 
remainder  in  religious  and  nonhousekeeping  buildings. 


Construction  value,  by 

building  type, 
1969 

TOTAL- 32,715,000,000  DOLLARS 

\  COMMERCIAL 

\             29  % 
INDUSTRIAL  \ 

22  %  \ 

 ^-J|  — rT^V  RELIGIOUS 

OTHER       /        \      EDUCATIONAL  / 

12%       /           1            21  %  / 

\.    / HOSPITAL  I 
^\9% 

Figure  4 


About  69  percent  of  the  value  of  construction  was  in 
buildings  in  the  steel/masonry  structural  class,  19  per- 
cent in  the  concrete,  and  12  percent  in  the  wood  (fig.  5). 
Three-fifths  of  the  value  of  buildings  in  the  steel/ma- 
sonry class  and  over  half  of  the  value  of  those  in  the 
wood  class  were  in  industrial  and  commercial  buildings. 
Three-fifths  of  the  value  of  religious  buildings  was  in  the 


wood  structural  class,  while  almost  three-fifths  of  the 
value  of  hospitals  was  in  the  concrete  class. 

The  North  contained  62  percent  of  the  total  value  of 
buildings  constructed;  the  South,  20  percent;  and  the 
West,  18  percent.  Regional  distribution  by  structural 
classes,  however,  differed  considerably  from  these  per- 
centages. For  instance,  70  percent  of  the  value  of  the 
steel  masonry  class  was  in  the  North  compared  to  11 
percent  in  the  West.  About  30  percent  of  the  value  in 
the  wood  structural  class  was  in  the  North,  15  percent  in 
the  South,  and  55  percent  in  the  West.  For  the  concrete 
structural  class,  distribution  was  54  percent  North,  27 
South,  and  19  West. 


Construction  value  , 

by  structural  class,  and  region, 
1969 


TOTAL- 32,715,000,000  DOLLARS 


Figure  5 
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VALUE  OF  CONSTRUCTION  PER  SQUARE  FOOT  OF  FLOOR  AREA 


The  values  of  construction  per  square  foot  of  floor 
area  (table  3)  were  derived  by  dividing  the  values  of  new 
construction  put  in  place  (table  2)  by  floor  areas  of  new 
construction  put  in  place  (table  1). 

The  value  of  construction  for  all  building  types, 
regions,  and  structural  classes  averaged  $20.32  per 
square  foot  of  floor  area  (fig.  6).  Hospitals  had  the 


highest  value  ($35.82)  per  square  foot,  and  industrial 
buildings  the  lowest  ($13.78).  The  value  of  construction 
per  square  foot  of  floor  area  was  highest  in  the  North 
and  lowest  in  the  South.  Buildings  classified  in  the 
concrete  structural  class  had  the  highest  value  ($29.87) 
per  square  foot  of  floor  area,  and  buildings  in  the  wood 
structural  class  the  lowest  ($16.88). 


Construction  value  per  square 
foot  of  floor  area,  by  building  type, 

1969 
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WOOD  USED  IN  BUILDING  CONSTRUCTION 


Lumber  and  plywood  use  factors  were  derived  from  a 
sample  of  building  projects  stratified  by  building  type, 
region,  and  structural  class.  Regression  equations  of 
wood  use  based  on  floor  area  and  construction  value 
were  developed  for  each  stratum.  These  equations  were 
applied  to  a  stratified  sample  of  building  projects,  where 


floor  area  and  value  were  known,  to  derive  factors  of 
wood  use  per  unit  of  measure.  These  factors  were 
applied  to  stratified  estimates  of  floor  area  and  value  of 
new  construction,  to  determine  total  lumber  and  ply- 
wood used. 


LUMBER: 


Use  Per  Unit  of  Measure 

The  quantity  of  lumber  used  in  all  building  construc- 
tion averaged  102  board  feet  per  100  square  feet  of  floor 
area  (table  4).  Usage  by  building  type,  however,  ranged 
from  71  board  feet  in  industrial  to  351  board  feet  in 
religious  buildings.  Regional  use  of  lumber  for  all 
buildings  ranged  from  55  board  feet  in  the  North  to  258 
board  feet  in  the  West  (fig.  7).  Among  the  structural 
classes,  the  wood  class  usage  was  more  than  seven  times 
the  amount  used  in  the  steel/masonry  class  and  almost 
five  times  that  used  in  the  concrete  class. 


Use  of  lumber  per  $1,000  of  construction  value 
averaged  50  board  feet  for  all  buildings  (table  4).  Usage 
by  building  type  ranged  from  39  board  feet  in  educa- 
tional to  156  board  feet  in  religious  buildings.  In  the 
West  lumber  use  per  $1,000  of  construction  value  was 
more  than  five  times  that  in  the  North  and  over  twice 
that  in  the  South  (fig.  8).  Over  eight  times  as  much 
lumber  was  used  per  $1,000  of  construction  value  in  the 
wood  structural  class  as  was  used  in  either  the  steel/ 
masonry  or  the  concrete  class. 


Lumber  used  per  100  square  feet 
of  floor  area,  by  building  type 
and  region,  1969 
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Figure  7 


Lumber  used  per  1000  dollars  of 
construction  value,  by  building 
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Figure  8 


3 Includes  glued-laminated  lumber. 
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Total  Lumber  Use 

Total  lumber  use  in  1969  amounted  to  over  1.6 
billion  board  feet  (table  5,  fig.  9).  Half  of  the  lumber 
was  used  in  industrial  and  commercial  buildings.  These 
buildings  accounted  for  64  percent  of  the  floor  area  and 
51  percent  of  the  construction  value.  One-third  of  the 
lumber  was  used  in  educational,  hospital,  and  other 
buildings.  These  buildings  accounted  for  29  percent  of 
the  floor  area  and  42  percent  of  the  construction  value. 
The  remaining  one-sixth  of  the  lumber  was  used  in 
constructing  nonhousekeeping  and  religious  buildings. 
These  buildings,  however,  accounted  for  only  7  percent 
of  the  total  floor  area  and  total  construction  value. 

Approximately  half  of  the  lumber  was  used  in 
building  projects  located  in  the  West  (fig.  10);  this 
region,  however,  accounted  for  less  than  20  percent  of 
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Figure  9 


the  floor  area  and  construction  value.  Almost  one-third 
of  the  lumber  was  used  in  the  North;  this  region 
accounted  for  close  to  60  percent  of  the  floor  area  and 
construction  value.  The  South,  with  one-fifth  of  the 
lumber  used,  accounted  for  24  percent  of  the  floor  area 
and  20  percent  of  the  construction  value. 

Over  half  of  the  lumber  was  used  in  buildings  in  the 
wood  structural  class;  this  class  accounted  for  14  percent 
of  the  floor  area  and  12  percent  of  the  construction 
value.  More  than  one-third  of  the  lumber  was  used  in  the 
steel/masonry  class;  this  class,  however,  accounted  for 
73  percent  of  the  floor  area  and  69  percent  of  the 
construction  value.  The  concrete  class  accounted  for  the 
remaining  one-tenth  of  the  lumber  used,  and  13  percent 
of  the  floor  area  and  19  percent  of  the  construction 
value. 


Lumber  used,  by 
structural  class  and  region, 
1969 


TOTAL -1,644, 173,000  BOARD  FEET 


Figure  10 
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PLYWOOD 


Use  Per  Unit  of  Measure 

An  average  of  61  square  feet  of  plywood  per  100 
square  feet  of  floor  area  was  used  in  all  building 
construction  (table  6).  By  building  type,  usage  ranged 
from  31  square  feet  in  industrial  to  139  square  feet  in 
nonhousekeeping  buildings.  Regional  use  of  plywood  for 
all  buildings  was  35  square  feet  in  the  North,  54  square 
feet  in  the  South,  and  145  square  feet  in  the  West 
(fig.  1 1).  This  trend  in  usage  of  plywood— highest  in  the 
West  and  lowest  in  the  North— was  followed  within 
building  types,  except  nonhousekeeping  where  the  usage 
in  the  South  was  less  than  that  in  the  North.  Among  the 
structural  classes,  as  was  the  general  pattern  in  lumber, 


the  wood  class,  with  165  square  feet  of  plywood  per  100 
square  feet  of  floor  area,  used  much  more  plywood  than 
either  the  steel/masonry  (34  square  feet)  or  the  concrete 
class  (96  square  feet). 

With  the  use  of  plywood  averaging  30  square  feet  per 
$1,000  of  construction  value  (table  6),  the  range  of 
usage  among  building  types  varied  from  23  square  feet  in 
industrial  to  59  square  feet  in  nonhousekeeping  build- 
ings. Regionally  the  range  was  much  greater— from  16 
square  feet  in  the  North  to  76  in  the  West  (fig.  12).  Use 
of  plywood  per  $1,000  of  construction  value  in  the 
wood  structural  class  was  five  times  that  of  the 
steel/masonry  and  three  times  that  of  the  concrete  class. 


Plywood  used  per  100  square  feet 
of  floor  area,  by  building  type 
and  region,  1969 
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Figure  11 


Plywood  used  per  1000  dollars  of 
construction  value,  by  building  type 
and  region,  1969 
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Total  Plywood  Use 

Amost  975  million  square  feet  (3/8-inch  basis)  of 
plywood  was  used  in  nonresidential  and  nonhouse- 
keeping  building  construction  in  1969  (table  7,  fig.  13). 


Plywood  used,  by  building  type, 

1969 


TOTAL  -  974,396,000  SQUARE  FEET 
(3/8-INCH  BASIS) 


Figure  13 

Two-thirds  of  the  plywood  was  used  in  industrial, 
commercial,  and  educational  buildings.  These  three 
building  types  accounted  for  about  75  percent  of  total 
floor  area  and  total  construction  value.  Approximately 
one-fifth  of  the  plywood  was  used  in  hospital  and  other 
buildings;  these  buildings  accounted  for  14  percent  of 
the  floor  area  and  21  percent  of  the  construction  value. 
The  remaining  one-seventh  of  the  plywood  was  used  in 
constructing  nonhousekeeping  and  religious  buildings. 
These  buildings,  however,  accounted  for  only  7  percent 
of  the  total  floor  area  and  total  construction  value. 


The  percentage  of  total  plywood  used  by  regions  was 
very  similar  to  that  of  lumber  (fig.  14)  with  correspond- 
ing relationships  between  floor  area  and  construction 
value. 

Four-fifths  of  the  total  plywood  used  in  building 
construction  was  fairly  equally  divided  between  wood 
and  steel/masonry  structural  classes— 38  percent  and  41 
percent,  respectively.  The  wood  class,  however,  ac- 
counted for  little  more  than  one-eighth  of  the  floor  area 
and  construction  value  while  the  steel/masonry  class 
accounted  for  nearly  three-fourths  of  each.  The  concrete 
class  accounted  for  the  remaining  one-fifth  of  the 
plywood  used. 


Plywood  used, 
by  structural  class  and  region, 

1969 


TOTAL  -  974,396,000  SQUARE  FEET 
(3/8-INCH  BASIS) 


Figure  14 
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APPENDIX 


DEFINITIONS 


Building  type1 
Nonhousekeeping 

Industrial 


Commercial 


Educational 


Religious 


Hospital 


Other 


Structural  class 


Wood 


Steel/ masonry 


Buildings  that  provide  residential  facilities  other  than  housing  units 
and  are  generally  characterized  as  nonhousekeeping  quarters  such  as 
hotels  (other  than  apartment  hotels),  motels,  and  dormitories. 

Buildings  of  manufacturing  establishments,  as  defined  in  major  groups 
19-39  of  the  Standard  Industrial  Classification  Manual,  which  are  used 
to  house  production,  assembly,  and  warehousing  activities  as  well  as 
auxiliary  facilities  such  as  administration  buildings. 

Buildings  that  are  primarily  for  the  rental  of  office  space,  to  house 
banks  and  other  financial  institutions,  or  for  use  in  wholesale,  retail, 
and  service  trades,  such  as  stores,  restaurants,  and  garages. 

Buildings  that  are  used  directly  in  the  administrative  and  instructional 
activities  of  establishments  furnishing  formal  academic  or  technical 
courses.  These  establishments  include  colleges  and  universities,  ele- 
mentary and  secondary  schools,  libraries,  museums,  and  art  galleries  as 
well  as  laboratories  which  are  not  part  of  manufacturing  establish- 
ments. 

Buildings  that  are  used  primarily  for  religious  services  and  functions  or 
to  house  and  train  religious  personnel;  such  as  churches,  synagogues, 
convents,  monasteries,  theological  seminaries,  etc.,  as  well  as  funeral 
parlors,  mausoleums,  and  crematories. 

Buildings  for  establishments  which  are  primarily  engaged  in  providing 
hospital  and  institutional  care  as  general,  mental,  and  tuberculosis 
hospitals,  clinics  or  infirmaries,  sanitariums,  nursing  homes,  homes  for 
the  aged,  orphanages,  etc. 

Buildings,  except  farm  and  public  utilities,  which  are  not  elsewhere 
classified  such  as  auditoriums,  theaters,  indoor  swimming  pools,  fire 
stations,  bus  and  air  passenger  terminals,  etc. 


Buildings  that  used  wood  in  one  or  more  of  the  following  structural 
areas: 

Wall  framing  consisting  of  wood  studs  or  timbers. 
Floor  framing  consisting  of  wood  joists  or  beams. 
Roof  framing  consisting  of  wood  rafters,  trusses,  beams,  or 
decking. 


a. 
b. 
c. 


Buildings  whose  structural  framing  consisted  of  steel  columns,  trusses 
and  girders,  or  buildings  whose  exterior  walls  consisted  of  concrete 
block,  brick,  or  precast  concrete,  and  whose  floor  and  roof  supports 
consisted  of  materials  other  than  wood. 


U.S.  Bureau  of  Census,  Construction  Reports- Series  C30-70,  Value  of  new  construction  put  in  place;  1958-1970. 
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Concrete' 


Buildings  whose  structural  framing  consisted  of  reinforced  concrete 
poured  in  place  and  whose  floor  or  roof  supports  consisted  of 
materials  other  than  wood. 


Other 
Floor  area 

Construction  value 

Value  of  construction  put  in  place 


Measurements  were  taken  to  the  outside  of  the  exterior  walls  and 
include  all  enclosed,  usable  floor  space. 

Includes  cost  of  construction  materials  installed,  labor,  contractor's 
profit,  architect's  and  engineer's  fees,  and  building  site  preparation. 

A  measure  of  the  value  of  construction  installed  or  erected  at  the  site 
during  given  period.  It  includes  new  construction,  additions,  and 
alterations. 


SURVEY  PROCEDURE 


This  survey  procedure  may  be  divided  in  two  cate- 
gories: (1)  measurement  of  construction  activity,  and 
(2)  measurement  of  wood  use. 

Measurement  of  Construction  Activity 

In  order  to  stratify  construction  activity  in  the 
United  States,  a  sample  of  6,400  building  projects  was 
selected  from  54,000  projects  for  which  contracts  for 
construction  were  awarded  during  the  period  of  March 
1,  1969,  through  August  30,  1969.  The  sample  projects 
were  selected  on  the  basis  that  the  probability  of 
selection  was  proportional  to  size,  as  measured  by 
contract  award  value.  F.  W.  Dodge  Division  provided 
Dodge  Construction  Reports  for  each  of  the  6,400 
projects  selected.  Based  on  information  contained  in  the 
reports,  projects  were  classified  into  three  structural 
classes,  (l)wood,  (2)  steel/masonry,  and  (3)  concrete. 
This  information  and  other  pertinent  data  concerning 
the  project  such  as  building  type,  location,  floor  area, 
and  contract  award  value  were  entered  on  punch  cards 
to  facilitate  data  processing. 

The  54,000  building  projects  were  stratified  by  seven 
building  types  and  three  regions  in  order  to  determine 
percentages  of  contract  award  value.  These  percentages 
were  used  as  indicators  of  construction  activity  and 
applied  to  Bureau  of  Census  estimates  of  new  construc- 
tion put-in-place,  thereby  providing  an  estimate  of  the 
value  of  new  construction  put  in  place  by  building  type 
and  region. 

Measurements  were  taken  from  the  plans  relating  to 
lumber  and  plywood  use  and  converted  to  standard  units 
of  measure,  i.e.,  board  feet  and  square  feet  (3/8-inch 
basis).  Regression  equations  were  developed  in  the  form 
Y  =  AX  Xs,  where  Y  equals  amount  of  wood  use,  X 
equals  size  of  project  in  floor  area  or  construction  value, 
A  equals  a  constant  factor,  and  B  equals  a  constant 


exponent.  Regression  equations  relating  construction 
cost  and  floor  area  to  lumber  and  plywood  use  were 
calculated  for  each  building  type,  region,  and  structural 
class.  These  equations  were  then  applied  to  the  6,400 
projects  for  which  contracts  for  construction  were 
awarded  and  which  had  been  stratified  by  building  type, 
region,  and  structural  class.  Wood  use  per  $1,000  of 
construction  and  per  100  square  feet  of  floor  area  were 
calculated  for  each  stratum  (tables  4  and  6)  and  applied 
to  floor  area  (table  1)  and  construction  value  (table  2) 
resulting  in  total  lumber  and  plywood  use  (tables  5  and 
7). 

The  6,400  building  projects  were  stratified  by  build- 
ing type,  region,  and  structural  class  in  order  to 
determine  the  percentages  of  floor  area  and  constract 
award  value  by  the  three  categories.  The  contract  award 
value  percentages  were  used  as  construction  activity 
indicators  and  applied  to  the  regional  value  of  new 
construction  put  in  place  to  develop  estimates  of  new 
construction  put  in  place  by  structural  class. 

Measurement  of  Wood  Use 

Wood  usage  was  determined  by  material  takeoff  from 
the  plans  and  specifications  of  842  building  projects,  and 
by  contacting  the  building  contractors  for  the  project  to 
determine  the  amount  of  wood  required  for  the  forming 
of  concrete. 

The  sample  of  842  building  projects  was  selected 
from  5,400  projects  reported  in  the  Scan-Scope  Weekly 
Bulletin  during  the  period  from  July  1,  1968,  to 
December  31,  1968.  The  projects  were  arrayed  by 
building  type,  region,  and  value,  and  the  sample  of  842 
projects  selected  with  the  probability  of  selection 
proportional  to  value.  Microfilms  of  architectural  plans 
and  specifications  were  obtained  for  each  of  the  sample 
projects. 
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